Anxiety is often observed in dental procedures and may cause promote alteration in the physiological responses during implant surgeries. Aim: To evaluate changes in blood pressure and heart rate in patients undergoing dental implant procedures, considering the dental setting as the main variable. Methods: Fifty-five patients who underwent dental implant surgery were evaluated. Thirty-seven were treated at a university clinic and 18 were treated at a private office. Blood pressure and heart rate were measured at the following time-points: at the appointment prior to surgery (T0), immediately before the surgical procedure (T1), during anesthesia (T2), during implant installation (T3), immediately after the surgical procedure (T4) and at the first follow-up appointment after surgery (T5). The data were analyzed by two-way analysis of variance and Student's t-test. Results: The university clinic patients had an increase in heart rate at T5 (t 53 =2.62, p<0.05) compared with private office patients. Systolic blood pressure in university clinic patients was higher at T2 (t 53 =2.86, p<0.01), T3 (t 53 =2.64, p<0.05), and T4 (t 53 =3.15, p<0.01). Diastolic blood pressure at T2 (t 53 =3.15, p<0.01) and T3 (t 53 =3.86, p<0.01) were also higher in university clinic patients. Conclusions: These results suggest that the dental setting is a relevant factor when planning dental implant surgery.
Introduction
Anxiety is a phenomenon characterized by subjective feelings of tension, apprehension, nervousness and preoccupation that may be experienced when an individual contacts an aggressor, such as dental surgery [1] [2] [3] [4] . Anxiety is a consciously perceived emotional reaction that intensifies the activity of the autonomic nervous system. The sympathetic nervous system acts directly on the adrenal gland to promote epinephrine and norepinephrine release. Activation of this system produces responses that include changes in heart rate (HR), breathing, and blood pressure (BP) patterns, and restlessness, tremors and increased sweating 1, [5] [6] [7] . Blood pressure and HR can be altered in dental procedures 8 . Beck and Weaver 9 (1981) studied BP and HR in nonstressful and stressful (dental surgery) procedures. They reported that systolic and diastolic BP did not vary on the day of surgery. However, HR varied in all phases of the treatment, with a higher variation on the day of surgery. The authors also suggested that the pretreatment period appears not to influence significantly the BP in healthy adults, with no gender differences.
Liau et al. 10 (2008) analyzed dental anxiety (Corah's Dental Anxiety) in 180 patients who underwent tooth extraction under local anesthesia in the mandible and reported anxiety with cardiovascular alterations. The treatment occurred in a university hospital. The anxiety scale was applied before anesthesia, and cardiovascular parameters (i.e., BP, HR, oxygen saturation and electrocardiography) were measured every 5 min up to 15 min after anesthesia. The highest alterations in HR occurred during the induction of anesthesia in individuals who were more anxious, in patients who reported a traumatic history with dental treatment and in patients who reported pain during the induction of anesthesia. Patients with pain had increased systolic BP, but no differences were found in diastolic BP.
Bispo et al. 8 (2011) also studied BP and HR in adult patients in different phases of root canal filling in molar teeth (Class I) using different anesthetic drugs. They reported that the cardiovascular alterations were similar among the different anesthetic drugs, but the cardiovascular parameters were influenced by the phase of the dental treatment. The cardiovascular parameters were higher before the beginning of treatment and before local anesthesia, during the test of pulp vitality after anesthesia, during the procedure itself and at the end of treatment. It may be assumed that anxiety had an effect on these cardiovascular parameters during the root filling treatment.
To the best of our knowledge, there are no studies assessing the influence of the clinical environment on cardiovascular responses to dental procedures. Considering the importance of cardiovascular function in surgical trauma 11 , the objective of the present study was to evaluate BP and HR in two different dental settings in patients who underwent dental implant surgery or a related procedure.
Material and methods
This was a prospective study (implant surgeries) in which physiological alterations in BP and HR were evaluated in patients treated at the Positivo University Surgical Center and at a private clinic, both in city of Curitiba, PR, Brazil. Approval was obtained from the Ethics Committee of Positivo University (075/10).
The participants were 55 patients of both genders (45 women, 75%) aged 30 to 69 years who sought dental implant treatment. Thirty-seven were treated at Positivo University Surgical Center (university clinic [UC] group) and 18 at a private dental office (private office [PO] group). The inclusion criteria were: literate patient with good general health, not using any drug that could produce cardiovascular alterations. The criteria for exclusion were the following: patients with syndromes, systemic disease, cardiac problems and use of drugs that produce cardiovascular alterations. The patients were evaluated during three different phases of treatment, according to the following schedule:
• Consultation before surgery (T0). The consultation before surgery occurred between 7 and 21 days before the procedure. At this time, the patients were identified by recording their date of birth, gender and medical history (overall health and use of medications). Blood pressure and HR were recorded.
• Day of the procedure (T1, T2, T3, and T4). During the consultation on the day of dental implant, the systolic and diastolic BP and HR were measured immediately before the surgical procedure in the waiting room (T1). In the procedure room, BP and HR were measured at the moment of anesthesia induction (T2), during the procedure when the dental implant motor was used (T3) and immediately after surgery (T4).
• Postsurgery consultation (T5). During the first followup visit for suture removal, between 7 and 10 days after surgery systolic and diastolic BP and HR were measured again.
Surgery and Cardiovascular parameters
In order to obtain the cardiovascular parameters, a properly calibrated noninvasive semiautomatic digital BP monitor (Model MF-621 SE; More Fitness, São Paulo, SP, Brazil) was used to measure systolic and diastolic BP and HR simultaneously. The patients received the following instructions: to empty the bladder, not to exercise, not to ingest coffee or alcoholic beverages and not to eat in excess or smoke cigarettes within the 30 min prior to the evaluation. The patients received an explanation about the measurement procedure that was performed while sitting and were asked to rest for 5-10 min. The brachial artery was located by palpation, and the cuff was firmly positioned, with the rubber bag centered over the brachial artery. The patient's arm was positioned at heart level, and the patient was asked not to speak during the measurement procedure. The data were recorded on the patient's chart. In case of equipment error, new measurements were performed after 1-2 min.
The cardiovascular parameter measurements and surgeries were performed in both locations by the same properly trained team. For the surgeries, the procedures were performed using the same technique in all patients. In the procedures that involved surgery anesthesia was performed used with 4% articaine chloride and epinephrine (1:100,000), or 2% mepivacaine chloride with epinephrine (1:100,000). The amount varied according to the need for surgery and did not exceed the maximal recommended dose.
During the postoperative period, ibuprofen was used for analgesia. Amoxicillin (500 mg) was administered every 8 h, or clindamycin (600 mg) was administered every 6 h for 7 days.
Statistical analysis
The data were analyzed statistically using one-or twoway analysis of variance (ANOVA), depending on the conditions. Individual comparisons were performed using Student's t-test or Duncan's test for multiple comparisons. For all tests, the significance level was set to 5%. Figure 1 presents the BP results for groups UC and PO. The ANOVA revealed a significant effect of group on systolic BP (F 5.270 =5.81, p<0.001). Systolic BP at T4 (i.e., the end of surgery) was significantly higher compared with the other time-points (p<0.01), except for T1 (p>0.05). Systolic BP at T5 was lower than at T4 (p<0.01). Diastolic BP was significantly higher at T4 compared with the other evaluations (F 5,270 =9.58, p<0.001), which did not differ from each other.
Results
Analyzing the systolic BP ( Figure 2 ) as a function of treatment setting, ANOVA revealed significant effects of setting (F 1,53 =7.53, p<0.01) and time (F 5,265 =3.97, p<0.01) but no interaction between these factors (F 5,265 =1.69, p>0.05). Statistically significant differences were found between the UC and PO groups at T2 (t 53 =2.86, p<0.01), T3 (t 53 =2.64, p<0.05), and T4 (t 53 =3.15, p<0.01; Fig. 2 ). The intra-group analysis revealed statistically significant differences in systolic BP in the UC group (F 5,180 =5.53, p< 0.01), with an increase at T4 compared with the other timepoints (p<0.05). However, systolic BP at T5 was lower than at T2 and T4 (p<0.05). In the PO group, no statistically significant differences were found in systolic BP (F 5.180 =1.67, p>0.05) at any of the time-points.
The analyses of diastolic BP as a function of treatment setting (UC and PO groups) revealed significant effects of setting (F 1.53 =8.33, p<0.01) and time (F 5.265 =9.48, p<0.01) but no interaction between these factors (F 5.265 =0.87, p>0.05). Statistically significant differences were found between the UC and PO groups at T2 (t 53 =3.15, p<0.01) and T3 (t 53 =3.86, p<0.01; Fig. 2 ). The intra-group analyses revealed a significant effect of group on diastolic BP (F 5.180 =4.70, p<0.01), with an increase at T4 compared with the other time-points (p<0.05). Statistically significant differences in diastolic BP were also found in the PO group (F 5.180 =7.08, p<0.01), with an increase at T4 compared with the other time-points (p<0.05), except for T1. Additionally, a reduction of diastolic BP was observed at T3 compared with the other time-points (p<0.05), except for T3.
The comparison of HR between the UC and PO groups (Fig. 3) Fig. 3 . Heart rate (HR) in dental implant patients of the UC and PO groups. *p<0.05, compared with PO group; # p<0.05, compared with T0, T2, T4 and T5 in the same group; + p<0.05, compared with T1, T2, T3 and T4 in the same group.
significant differences were found for the other comparisons (t<1.88, p>0.05). The intra-group analysis showed that HR did not differ in the UC group (F 5.180 =1.24, p>0.05). Statistically significant differences in HR were found in the PO group (F 5.85 =5.41, p<0.01), with an increase at T3 compared with the other time-points (all p < 0.05), except for T1. A reduction of HR was also observed at T5 compared with the other time-points (p<0.05), except for T0.
Discussion
The main result of the present study was that the treatment setting was sufficient to produce changes in the BP of patients who underwent dental implant procedures. The patients who were treated in the private clinic had lower BP during all phases of the study, but mainly during anesthesia, use of the dental implant motor and at the end of surgery. The clinical environment might have caused such changes because several surgical procedures are performed simultaneously at the university surgical center, with various noise stimuli, such as high-speed rotary instruments and saliva suction devices. The use of a dental implant motor is a stressful factor that can alter BP. On the other hand, treatment in the private clinic occurs individually with fewer noise stimuli. The average systolic and diastolic BP had higher peaks at the end of the surgery, regardless of the treatment setting. This effect may be attributed to the fact that the patients were beginning to feel pain and were tired, and this could be related to an increase in anxiety and hemodynamic changes 2, 6, [12] [13] . These findings are partially consistent with the results of Beck and Weaver 9 (1981), who did not report variations in BP during some phases of dental treatment, but reported an increase in BP at more stressful moments (i.e., during the surgical procedure and use of the dental implant motor) in the same way as in the present study. The location where the surgical procedures were performed (i.e., university surgical center or private clinic) was not mentioned in their paper. Liau et al. 10 (2008) reported greater alterations in HR during anesthesia induction in more anxious individuals and increased systolic BP in patients who reported pain, with no differences in diastolic BP. In that study, the treatment occurred in a university setting.
The noise of the dental implant motor is a stressful agent that can explain the maximal peak HR during its use in the treatment both at the university and private clinic settings [14] [15] [16] . Beck and Weaver 9 (1981), Liau et al. 10 (2008) and Bispo et al. 8 (2011) reported that changes in HR occurred in more anxious individuals, suggesting a relationship between stress during dental treatment and HR. Eli et al. 17 (2008) observed that increased anxiety and the expectation of feeling pain had profound effects on patients capacity to recognize information during dental procedures, causing difficulties in processing information that was provided before and during the dental procedure.
Although the surgeries were performed at both locations by the same properly trained team, the university environment could be considered a more stressful agent. Although no scientific evidence is presented herein, it can be ascertained that this occurrence may be associated with a possible collective sense existing among patients subjected to procedures performed by professionals undergoing training programs, who could be have less experience and skills than what is normally expected at private clinics.
As a health professional, the dentist should not limit its role to the dental treatment itself. Dentists should also be prepared to identify physiological alterations in their patients and investigate their possible sources. Hence, the evocation of fear could be avoided, improving cardiovascular alterations.
Unfortunately, the observation and identification of behavioral changes are not easy tasks for the dental clinician, whose training seldom includes behavioral observations or knowledge about behavior management. Technical acumen is a product of a teaching system in which manual skills and technological procedures are taught and enhanced, many times contrasting with the need for a more humane approach, which often is required when considering the physical proximity between the patient and dentist, and the emotional vulnerability of many people 6 . Further studies are required to identify the factors in the treatment environment that can increase physiological changes or reduce anxiety (e.g., the use of lavender or orange essence in the waiting room) [18] [19] [20] . It may be concluded that the clinical setting is an important factor when planning dental surgeries. Moreover, identifying the characteristics of the environment that negatively influence physiological responses in dental implant patients is necessary to reduce risk, especially at places with high attendance rates, such as university clinics.
